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NOflENaATURR 


PLOT 




SYMBOL 

MNEMONIC 

DEFINITION 

UNITS 


’^ref 

BREF 

reference span (diometor o£— 
the cyllndrlcol section of 
the model) 

in. 


CBL 

rolling moment coefficient 
in the missile axis system, 

^ ^ref '’ref 

ta 


M 

MACH 

Mach number 




00 


‘00 

RM 

RN 
S 


ref 


«T 


^'ref 


Q 


RN/L 

SREF 


ALPHA 


LREF 


rolling moment in the missile ln.*-lbL». 

axis system, l.e , moment about 
the X^*>axls (a positive rolling 

moment tends to cotate the 
positive Y -axis toward the 

XU 

positive Z -axis) 
la 

free stream total pressure psl 

free stream static pressure psi 

free stream dynamic pressure psi 

abbreviation for rolling moment 

Reynolds number per foot 

reference area (cross sectional in.^ 

area of the cylindrical section 
of the model) 

tunnel total temperature °F 

angle of attack, angle between degrees 

the X_-axls and a vector in 

the direction of the air flow 
(For this test, 3 “ 0 and o *• ax) 

reference length 


NOMRNCUTURR (Continued) 


PLOT 

SYMUOL MNKMONIC DEFINITION 


^ PHI 


SKB 


roll angle;, l.o., angle between the 
missile Ym-axis-and the body Y-axls 
(from a pilot's viewpoint in an airs— 
plane, a positive roll angle Is a 
clockwise rotation) 


for solid rocket booster 


ca 

Ca„ ca 
C m 

Cmm CLMM 

Cn 
cn« 

Cn 
CY 

Cy CYM 

m 

Subscripts 

m 

ref 

t 


CNM 


CYNM 


total axial force coefficient 1n the — 
body axis system- 

total axial force coefficient in the— — 
missile axis system, F^/q^ Sref 
(nozzle balance) 

pitching moment coefficient in .the bddy 
axis system 

pitching moment coefficient in the missile 
axis system (nozzle balance), 

**Yro/ <lo, ^ref *-ref 

normal force coefficient in the body axis 
System 

normal force coefficient In the missile 
axis system, Sj.ef (nozzle balance) 

yawing moment coefficient in the body axis 
system 

yawing moment coefficient in the missile 
axis system (nozzle balance) , 

®ref *'ref 

side force coefficient in the body axis 
system 

side force coefficient in the missile axis 
system, Fy^^/q^ Sj-^f (nozzle balance) 


missile axis system 
reference conditions 
total conditions 
free stream conditions 


UNITS 

degrees 


00 


iNTRUOUCTION 


Thla report describes o-wlnd tunnel tost program to obtain the 
aerodynamic roll charactorlatlaa of the l«6-lnch dlometot-aolld rocket 
booster (SRB) reentry configuration over a portion of Its reentry flight 
regime. The model la represontoUvo of the latest SXB configuration and 

has been tested in the NASA MSFC 14 r lA-lnch IrlaonltuJdnd Tunnel and 
the AEDC-PWT 45'. 

The SRB model tested was a_a,0054S scale m6deL-of the 146-lnch 
diameter right hand solid rocket booster reentry configuration with 
all major prdtubettndes. the SRB modal was mounted ttose aft onto a. 
one-component roll balance to obtain rolling moment data. The model 
balance was_supported by the MSFC double-knuckle sting to achieve the 
desired angle of attack range. The SRB reentry test configuration 
included a simulated heat shield around the. engine nOzzle, 

The SRB was tested at Mach numbers of 1.46, 1.96, 2.75, and 3.48 at 

angles of attack from 150<> to 190^ Roll angles varied from 0 to 337.5<> 
at Inrr <»ats. 


MODEL DESCRIPTION AND SUPPORT HARDWARE 


The model toflted was a 0,00548 acnle model of the I46"lnch diameter 
Space Shuttle aoHd rocket booater with a truncated noi«s5le. The goneral 
model arrangement la ahuwn In Figure 2. The SRO model waa made of stain- 
loss steel and ho^-bcen designated MSFC Model Number 486. The model was 
an assembly of three components $ a nose section, a center body section, 
and a tall section. The nose section of the SKB model Included the 16- 
degroo conical nose and a portion of the cylindrical body of the SRB. 

Ttie protuberances on the nose section were the data capsule and camera, 
the forward attach structure, and the forward section rf the cable ays-— 
terns, tunnel. The center body section of the SRB model was a long cylin- 
drical tube and was pinned to the strain-gage balance. The only protu- 
berance on the center body, a portion of the cable systems tunnel, was 
attached with machine screws. The model tall section was made up of the 
rear portion of the SRB cylindrical body, the nozzle skirt and the engine 
nozzle. The protuberances on the SRB tail section include: the aft at- 
tachment ring, the motor case ring stiffeners, aft separation motors, 
actuator supports, hold-down posts, and the rear portion of the cable 
systems tunnel. When the SRB model was nose mounted or aide mounted, 
engine nozzle insert and heat shield were installed in the tall section. ■=> 

Tlie SRB model components are shown in Figure 3. 

The SRB model was mounted nose aft on a single component roll 
balance No. 247 which. In turn, was mounted to the MSEC double knuckle 
sting by using balance adapter 113A. This setup provided an angle of 
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MODEI. DESCRIPTION AND SUPPORT HARDWARE (Concluded) 

accack range of ISO** co 190*^. Changes In roll angle were achieved by 
rotating the entire SRB model about the balonce after removing the four 
pins which attached the modol body to the model/balance adaptor. A 
series of holes oxound the. model/balanco adapter allowed roll angles of 
0 to 337^** In 22^^ Increments to be achieved. 

Table IV lists the ccmblnutlous of support hardware, and associated 
angle of attack ranges used during this test. The sting components are 
depicted Id Figures 4 and 5. Model dimensional data are Included as 


Table..III. 



TEST FACILITY DESCRIPTtON 


TLo MacohoU S^aeo Flight Center li" x 14** Trieonle Wind Tunnel 

le an intermittent blou^dour. tunnel which oparatoa by high proesura 

olr flowing from asorago to either vacuum or atmospheric conditions* 

A Mach number rnn8,e from .2 to S*8S is ceverod by utilizing two inter- 
changeable teat soctiona* The transonic section permits teetlng.jit 
Mach 0.20 through 2.50 and the. supersonic section permits testing at 
Mach 2^74 through 3.-B5. Mach numbers between .2 and .9 are obtained 
by using a controllable.jdif fuser*. Tt;e range from. .95 to 1.3 is 
achieved through the use of p.l>hnum. suction and .perforated wells. Mach 
numbers of 1.44» 1.93 and 2.50 are produced by interchangeable sets of 
fixed contour noZzle blocks. Above Mach. 2.50 a set of fixed contour- 
nozzle blocks are tilted and translated automatically to produce any 
desired Mach numbers in-J15 increments. . 

Air is supplied to a 6000 cubic foot storage tank at approximately 
-40*’F dew point and 500 pel. The compressor is a thsee'ratage recipro- 
cating unit driven by a 1500 hp. lootor. 

The tunnel flow la established and controlled with a servo- 
actuated gate valve. The controlled air flows through the valve 
dlfftieer into the stilling chamber and heat exchanger where the air 
temperature can be controlled from ambient «to approximately 180'^F. 

The air then pessee through the teat section, which contains the 
nozzle blocks and test region. 

Downstream of the test section is a hydraulically controlled 
pitch aeccor that -provides a total angle of attack range of 20<) 

(± 10^). Sting offsets are available for obtaining various maximum 
angles of attack up to 90^. 
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TK8T FACaiTY-DEaCRIETION (Continued) 


The diffuser eectlen hue movable floor and cclllns panela which 
ore the primary moano of controlling the aubaonic Moch numboro and 
permit more officlont running suporoonicolly. the soecor aaeombly ai 
auporoonic diffuoor tcloseopo into the subsonic diffuser -to allow joasy 
access to the model and tost 6oetion< 

Tunnel flow. Is exhausted through an acoustically damped tower to 
atmosphere or Into the vacuum field of 42.|000 cubic foot* The vacuum 
tanks arc-cvaci^atod by vacuum pumns driven by a total of 500 hp* 

Data are recorded. by a solld«aitate digital data-aequlsitlon 
system. The digital, data are transferred to punched. cords during the 
run to be reduced later by a computer to proper coefficient form. 


Mh^’h luimborH ('onnJitttHl nf 1.46, l,9(>. anU 3.48, Tho cpmploto 

tuunol tout condltUmn mv |tmn('iut'd in T/ibln i. The ongin of attock 
rnngc cimninuta of ISO"* ro 190“ nnd roi) variod from 0 to 337»s® 

in 22*a® InoromoniM, Tlio toat program la Inc.liulod no Table II, 

Mnxiimim model Joada aio proHonted In Table V. No boso proosuro 
moafluromonia were made during thla Invoot Ip.aMon, 


DATA BRDUCTION 


The rolling moment wao reoolved In the mlBillo axis system and 
proocnted in the form of a nondimonaional coefficient oo shown bclowi 

CBL « * rolling moment coefficient 

The usual tunnel paramotors P^» T^» »RN, ®T and wore 
measured I computed at*d tabulated along with the data* Data wore 
corrected for. atlhg doflcctlone and are tabulated In the Appendix. 

The only data coefficient requlr.'jd for input was the rolling moment 
coefficient! 

Because the model was originally .iesigned to be tested at an^iles 
of attack from 0 to 180®, it was reversed on. the balance for alphas 
greater than 90 degrees; consequently, a sign change was re«\uired dun 
data reduction for the rolling moment measured by the '-.* 114 ^ 0 . 

Model reference dimensions used for data roductlons are presented 
below: 


Parameter 


M2EU 


Full Scale 


0.00548 Scale 



TEST 


TABLE i. 


TEST CONDITIONS 


DATE t lC/7/76 


MACH NUMBiR 

RtYNOlDSNUMBfR 
(|H'r (o(»t) 

1.46 

6.,'j X 

1.96 

7.0 X 10“ 

2.74 

4.6 X 10“ 

3.48 

6.2 X 10® 


DVfMMU: I'l.l SSlIRf. 
(poiHKlr./sq. inch) 


STAGNATION TEMPF.RATURE 
(degtnos Fahronholt) 


BALANCE UTILIZED: _ 

MSEC 247 (ROLL ONLY) 


NF 

CAPACITY: ACCURACY: 

COEFFICIENT 

TOLERANCE: 

q " 10 PSIA 

SF 

- 


AF 

- 


PM 



RM 

2 IN. LBS. ± 0.01 IN. 

LBS. ± 0.0025 

YM 

- 


roMMrNT^* 

ACCURACY BASED ON ± 0.5% OF BALANCE 

CAPACITY 

















TEST : TmTT 1 DATA SET/RUN HUM.BER COLLATION SUMMARY 
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TAIU.K Jll. MODKL IH MKNS lONAl, DATA 


MODEL COMI’ONENT: SOLID ROCKET BOOSTER NOSE 

GENERAL DESCRIPTION: A CONICAL SECTION WITH A SPHERICAL RADIUS NOSE 


MODEL SCA1.E: 0.00548 SCALE 

REFERENCE DRAWING (S): MSFC tf80M42805 & 80M42806 


DIMENSIONS ; 

Spherical Nose Radius 
Conical Nose Section Half Angle 
SRB Nose Length 

Forward Cylindrical Body Diameter 


THEORETICAL 

FULL-SCALE MODEL-SCALE 

13.27 in. 0.073 in 

18 Degrees 18 Degrees 

195 in. 1.069 in. 

146 in. 0.8 in. 
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TABLE III. - ContiuupU 


MODEL COMPONENT; SOLID ROCKET BOOSTER UYUNDRICAL BODY 
GENERAL DESCRIPTION: THE CYLINDRICAL SECTION OP THE SRB BODY 


MODEL SCALE: 0.00548 SCALE 

REFERENCE DRAWING (S): MSFC //80M42802 & 80M42804 


DIMENSIONS: 


THEORETICAL 

FULL-SCALE MODEL-SCALE 


Center Body Diatneter 
Center Body Length 


146 in. 0.8 In. 

1443.6 in. 7.910 In. 
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TABLE Illf - Concluded 


MODEL .COMPONENT : SOLID ROCKET BOOSTER ENGINE SKIRT 

GENERAL DESCRIPTION: A CONICAL FRUSTRIJM PLARIMG OUT PROM THE SRB 

BODY TO ENCLOSE THE ENGINE NOZZLE WITHOUT THE ENGINE EXTENSION 


MODEL SCALE: — 0,00548 SCALE 

REFERENCE DRAWING (S): MSFC )?8(»15U73 

THEORETICAL 

DIMENSIONS ; FDLL-SCALE MonRt.-snAT.E 


Cylindrical Body Diameter 
Engine Skirt Flare Angle 
Engine Skirt Exit Diameter 


146 In. 0.8 In. 

18°40' 18°40’ 

208.20 In. 1.141 In. 
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TABLE IV. 


STING COMBINATION AND ANGLE OF ATTACK NOMENCLATURE 


ANGLE 
OF ATTACK 
DESIGNATOR 


150 to 170 


STING ADAPTER 

STING 


BALANCE i 

ADAPTER 

ADAPTER 

NO. 

HOLE 

NO. 

ADAPTER 

POSITION 

STING 

NUMBER 

ADAPTER 

NO. 

HOLE 

NO. 

1 

51 

7.50 In. 

1 

liy 

3 

1 

53 

7.50 in. 

1 

113A 

1 



















TABI.K V 


MAXIMUM MODEL LOADS 


NORMAL FORCE 
SIDE FORCE 
AXIAL FORCE 
PITCHING MOMENT 
YAWING MOMENT 
ROLLING MOMENT 


40 LBS. 

3 LBS. 

20 LBS. 

50 IN-LBS. 
2 IN-LBS. 
1 IN-LBS. 
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Figure 3. SRB model coinponents 



rV. 


p’s; 

w.t; 

t: ui 
UJ u> 



cx. 

I 

h- tU O 
D X < 
Of- 

fc: 

b) X o 

o H* 

to § 3 

►-< cC 
_ UJ CO 
2: *jn 

o n K 

h- q: r> 

o o o 

UJ X rs: 
CO 

. . oJ UJ 

lu a: o 

rr aj 

O X CO 


19 


Figure 3. (Continued) 


MQOEI. STATION 

AFT ATTACH RING 

MOTOR CASE RING . ^ 
>L STIFFENERS 



2.342 
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VIEW AA 


SRB MODEL ENGINE NOZZLE INSERT 


Figure 3. (Concluded) 





Figure 4. Layout of nose mounted sting 





Figure 5. Double knuckle sting details 
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SRB REENTRY ROLL CHARACTERISTICS 
(B)MACH = 1.96 
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SRB REENTRY ROLL CHARACTERISTICS 
(C)HACH' = 2.1H 
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